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OBJECTIVE  Minimally invasive transforaminal lumbar interbody fusion (MI-TLIF) has been used to treat degenerative 
lumbar spondylolisthesis and is associated with expedited recovery, reduced operative blood loss, and shorter hospi-
talizations compared to those with traditional open TLIF. However, the impact of MI-TLIF on long-term patient-reported 
outcomes (PROs) is less clear. Here, the authors compare the outcomes of MI-TLIF to those of traditional open TLIF for 
grade I degenerative lumbar spondylolisthesis at 60 months postoperatively.
METHODS  The authors utilized the prospective Quality Outcomes Database registry and queried for patients with 
grade I degenerative lumbar spondylolisthesis who had undergone single-segment surgery via an MI or open TLIF meth-
od. PROs were compared 60 months postoperatively. The primary outcome was the Oswestry Disability Index (ODI). 
The secondary outcomes included the numeric rating scale (NRS) for back pain (NRS-BP), NRS for leg pain (NRS-LP), 
EQ-5D, North American Spine Society (NASS) satisfaction, and cumulative reoperation rate. Multivariable models were 
constructed to assess the impact of MI-TLIF on PROs, adjusting for variables reaching p < 0.20 on univariable analyses 
and respective baseline PRO values.
RESULTS  The study included 297 patients, 72 (24.2%) of whom had undergone MI-TLIF and 225 (75.8%) of whom had 
undergone open TLIF. The 60-month follow-up rates were similar for the two cohorts (86.1% vs 75.6%, respectively; p = 
0.06). Patients did not differ significantly at baseline for ODI, NRS-BP, NRS-LP, or EQ-5D (p > 0.05 for all). Perioperatively, 
MI-TLIF was associated with less blood loss (108.8 ± 85.6 vs 299.6 ± 242.2 ml, p < 0.001) and longer operations (228.2 
± 111.5 vs 189.6 ± 66.5 minutes, p < 0.001) but had similar lengths of hospitalizations (MI-TLIF 2.9 ± 1.8 vs open TLIF 3.3 
± 1.6 days, p = 0.08). Discharge disposition to home or home health was similar (MI-TLIF 93.1% vs open TLIF 91.1%, p = 
0.60). Both cohorts improved significantly from baseline for the 60-month ODI, NRS-BP, NRS-LP, and EQ-5D (p < 0.001 
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Degenerative lumbar spondylolisthesis is a com-
mon condition afflicting an estimated 13.6% of the 
United States population.1 For a subset of symp-

tomatic patients in whom nonoperative treatment fails, 
surgery is efficacious.2 Over the past several decades, there 
has been a marked evolution in the surgical techniques 
employed to treat spondylolisthesis, with techniques 
evolving from an era of open decompression alone to the 
advent of decompression with spinal arthrodesis via a pos-
terolateral approach and/or an interbody device to, more 
recently, an era including surgical decompression (with or 
without spinal arthrodesis) via minimally invasive (MI) 
approaches. One strategy, the MI transforaminal lumbar 
interbody fusion (MI-TLIF), was first described by Foley 
and Lefkowitz in 2002.3 Compared to the traditional open 
TLIF,4 which involves a midline posterior approach with 
paraspinal musculature dissection, the MI-TLIF involves 
a paramedian Wiltse plane approach that avoids extensive 
musculature dissection and limits incision size (Fig. 1).

Proponents of MI-TLIF suggest that this approach, via 
decreased musculoligamentous injury,5,6 decreases pain, 
minimizes blood loss, expedites perioperative recovery, 
and has been linked to improved clinical outcomes in 
several studies.7–9 There have been multiple studies com-
paring MI-TLIF to traditional open TLIF in cohorts of 
heterogeneous degenerative diagnoses.10–20 However, stud-
ies focused solely on spondylolisthesis cohorts are com-
paratively limited and are typically small, single-center 
investigations with 12- to 24-month follow-up.21–28 To 
assess comparative effectiveness in a larger, multicenter, 
and contemporaneous spondylolisthesis cohort, we previ-
ously studied 24-month outcomes in a prospective registry 
cohort of 297 patients with Meyerding grade I degenera-
tive lumbar spondylolisthesis.7 At 24 months, Chan et al.7 
observed an association between MI-TLIF and superior 
outcomes for disability, quality of life, and patient satisfac-
tion. However, studies investigating longer-term outcomes 
(5–10 years) are required to assess the comparative du-
rability of either procedure in treating lumbar spondylo-
listhesis, an especially important consideration given the 
relative nascency of MI-TLIF.

To this end, we compared the outcomes of MI and open 
TLIF with a minimum 60-month follow-up in a prospec-
tive multicenter cohort of 297 patients with Meyerding 
grade I degenerative lumbar spondylolisthesis, the largest 
single-study cohort by sample size, from the Quality Out-
comes Database (QOD).

Methods
This was a retrospective analysis of prospectively col-

lected data using an augmented data set from the QOD 
lumbar module. Institutional review board approval was 
obtained from the University of California, San Francisco.

This augmented data set (QOD lumbar spondylolisthe-
sis module) represents the coordinated effort of 12 high-
enrolling sites that combined their QOD data and col-
lected additional data points. The data were audited by a 
central team and by individual sites. The inclusion criteria 
for the QOD lumbar spondylolisthesis module have been 
described previously.7,29–34 Briefly, we queried the module 
for patients who had undergone single-segment TLIF sur-
gery for grade I lumbar spondylolisthesis via either an MI 
or an open approach from July 2014 through June 2016. 
Preoperative radiographs (standing or dynamic) had been 
obtained and evaluated by surgeons at the participating 
sites to confirm the diagnosis of grade I spondylolisthesis 
as defined by the Meyerding classification.35 Our defini-
tion of MI surgery (MIS) has been published previously.7 
Specifically, surgeries were classified as MI if there was 
utilization of percutaneous screw fixation and placement 
of an intervertebral body graft (MI-TLIF) via the Wiltse 
plane. Procedures that involved only a component of MIS 
(e.g., “partially” MIS involving an “open” component) 
were not classified as MIS. In addition to the QOD exclu-
sion criteria,36 we excluded patients who had grade II or 
higher spondylolisthesis or who had “partially” MI-TLIF 
procedures (e.g., mini-open37,38).

Demographic, Clinical, and Surgical Variables
Demographic variables included age, sex, body mass 

index (BMI), ethnicity, insurance, education level, and 
employment; patient comorbidities included smoking, 
diabetes, anxiety, osteoporosis, depression, and American 
Society of Anesthesiologists (ASA) classification; clinical 
characteristics included dominant presenting symptom, 
ambulation status, symptom duration, and presence of a 
motor deficit; baseline and follow-up patient-reported out-
comes (PROs) included the Oswestry Disability Index 
(ODI), EQ-5D, numeric rating scale (NRS) for leg pain 
(NRS-LP), NRS for back pain (NRS-BP), and North 
American Spine Society (NASS) satisfaction; and surgical 
variables included the use of MI-TLIF versus open TLIF, 
estimated blood loss, operative time, length of hospital-
ization, discharge disposition, return-to-work rate, and re-

for all comparisons). In adjusted analyses, MI-TLIF, compared to open TLIF, was associated with similar 60-month ODI, 
ODI change, odds of reaching ODI minimum clinically important difference, NRS-BP, NRS-BP change, NRS-LP, NRS-LP 
change, EQ-5D, EQ-5D change, and NASS satisfaction (adjusted p > 0.05 for all). The 60-month reoperation rates did not 
differ significantly (MI-TLIF 5.6% vs open TLIF 11.6%, p = 0.14).
CONCLUSIONS  For symptomatic, single-level grade I degenerative lumbar spondylolisthesis, MI-TLIF was associated 
with decreased blood loss perioperatively, but there was no difference in 60-month outcomes for disability, back pain, leg 
pain, quality of life, or satisfaction between MI and open TLIF. There was no difference in cumulative reoperation rates 
between the two procedures. These results suggest that in appropriately selected patients, either procedure may be 
employed depending on patient and surgeon preferences.
https://thejns.org/doi/abs/10.3171/2022.10.FOCUS22602
KEYWORDS  lumbar; spondylolisthesis; minimally invasive; Quality Outcomes Database; patient-reported outcomes; 
transforaminal lumbar interbody fusion
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operation rate. Reoperations were recorded if they were 
deemed related to the index surgery.

Primary and Secondary Outcomes
We assessed outcomes at 60 months using validated 

questionnaires. The primary outcome of interest was 
the ODI. The threshold for reaching the ODI minimum 
clinically important difference (MCID) was defined as 
14.3.29 Secondary outcomes of interest included the NRS-
BP, NRS-LP, EQ-5D, and NASS satisfaction. The NASS 
satisfaction questionnaire assesses patient satisfaction af-
ter surgery via a survey with 4 answer choices scored 1 
through 4, respectively: “surgery met my expectations,” “I 
did not improve as much as I had hoped but I would un-
dergo the same operation for the same results,” “surgery 
helped but I would not undergo the same operation for the 
same results,” and “I am the same or worse as compared to 
before surgery.” Radiographic outcomes (fusion, spondy-
lolisthesis reduction) were determined by a neuroradiolo-
gist not affiliated with the study team.

Statistical Analysis
Descriptive statistics were reported as means ± stan-

dard deviations or frequencies and percentages, as ap-
propriate. For univariable analyses, t-tests and chi-square 
analyses were used. Yates’ correction for continuity was 
employed when appropriate. Fisher’s exact test was used 
in the 2 × 2 case when an expected frequency was below 1. 
For multivariable analyses, multivariable linear regression 
models were fitted for ODI, EQ-5D, NRS-BP, and NRS-
LP 60-month mean and change scores (i.e., 60-month val-
ue minus baseline value). A logistic regression model was 
fit for the analysis of reaching the ODI MCID. An ordinal 
logistic regression model was fit for the NASS satisfaction 
questionnaire. For each model, covariates included factors 
reaching p < 0.20 on baseline univariable comparisons 
and baseline PRO values for each respective model. This 
analysis was conducted using R 2.15.2 (R Foundation for 
Statistical Computing). Missing values in the data were 
imputed using the missForest R package. The p values 
were two-tailed, and an alpha of 0.05 was considered sta-
tistically significant.

Results
Overall, 297 patients were included, 225 (75.8%) 

of whom had undergone open TLIF  and 72 (24.2%) of 
whom had undergone MI-TLIF. Follow-up rates of at least 
60 months were not significantly different between the co-
horts (75.6% vs 86.1%, respectively; p = 0.06).

Baseline Characteristics
Table 1 includes baseline demographic and clinical 

variables for the two cohorts. The cohort that had under-
gone MI-TLIF had a lower mean BMI (29.5 ± 5.1 vs 31.3 
± 7.0, p = 0.0497). Clinically, patients who had undergone 
open TLIF had a higher rate of motor deficit at presenta-
tion (23.6% vs 5.6%, p < 0.001). Those who had under-
gone MI-TLIF had a higher proportion utilizing workers’ 
compensation (11.1% vs 1.3%, p < 0.001). Otherwise, the 

cohorts were well matched for baseline PROs including 
ODI, NRS-BP, NRS-LP, and EQ-5D (p > 0.05 for all). 
Moreover, the cohorts shared similar magnitudes of base-
line mean listhesis, mean age, comorbidities, back pain– 
versus leg pain–predominant presentations, symptom du-
ration, level of education, and use of private insurance (p 
> 0.05 for all).

Perioperative Parameters
MI-TLIF was associated with less estimated blood loss 

(108.8 ± 85.6 vs 299.6 ± 242.2 ml, p < 0.001) and a mod-
est increase in operative time (228.2 ± 111.5 vs 189.6 ± 
66.5 minutes, p < 0.001). However, the mean length of hos-
pitalization (MI-TLIF 2.9 ± 1.8 vs open TLIF 3.3 ± 1.6, 
p = 0.08), rate of discharge to home or home healthcare 
(93.1% vs 91.1%, respectively; p = 0.60), and rate of 30-
day complications (6.9% vs 7.6%, respectively; p = 0.86) 
were similar. The 30-day complications in the MI-TLIF 
cohort numbered 5, including 2 durotomies, 1 hematoma, 
1 neurological deficit, and 1 myocardial infarction. The 
18 complications in 17 patients in the open TLIF cohort 
included 7 durotomies, 5 surgical site infections, 3 neuro-
logical deficits, 2 urinary tract infections, and 1 myocar-
dial infarction. 

Univariable Analysis of Outcomes
For the MI-TLIF cohort, comparing 60-month out-

comes to baseline, there were significant improvements 
for ODI (18.9 ± 18.4 vs 46.2 ± 16.3, p < 0.001), NRS-BP 
(2.8 ± 2.9 vs 6.9 ± 2.6, p < 0.001), NRS-LP (1.8 ± 2.8 vs 
6.3 ± 2.8, p < 0.001), and EQ-5D (0.77 ± 0.25 vs 0.58 ± 
0.20, p < 0.001).

For the open TLIF cohort, comparing 60-month out-
comes to baseline, there were significant improvements 
for ODI (24.8 ± 19.0 vs 48.0 ± 16.6, p < 0.001), NRS-BP 

FIG. 1. Depiction of an MI-TLIF. © Andrew K. Chan, published with per-
mission.
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(3.7 ± 3.1 vs 7.0 ± 2.3, p < 0.001), NRS-LP (2.8 ± 3.1 vs 6.6 
± 2.8, p < 0.001), and EQ-5D (0.75 ± 0.20 vs 0.53 ± 0.22, 
p < 0.001).

Table 2 provides the results of univariable comparisons 
of the two cohorts. Not accounting for confounding dif-
ferences between the cohorts, MI-TLIF was associated 
with a lower mean ODI at 60 months (18.9 ± 18.4 vs 24.8 
± 19.0, p = 0.04). However, there was no significant differ-
ence in the change in ODI (MI-TLIF −26.1 ± 21.5 vs open 

TLIF −21.8 ± 19.6, p = 0.16) or the proportion reaching 
the ODI MCID (MI-TLIF 74.2% vs open TLIF 65.7%, p 
= 0.22). Moreover, MI-TLIF was associated with a signifi-
cantly lower mean NRS-BP score (2.8 ± 2.9 vs 3.7 ± 3.1, 
p = 0.048) and NRS-LP score (1.8 ± 2.8 vs 2.8 ± 3.1, p = 
0.03) but similar changes in the NRS-BP score (MI-TLIF 
−4.0 ± 3.5 vs open TLIF −3.3 ± 3.3, p = 0.21) and NRS-
LP score (MI-TLIF −4.3 ± 3.3 vs open TLIF −3.8 ± 3.8, 
p = 0.40) at 60 months. For NASS satisfaction, there was 
a statistically significant difference in the distribution of 
scores between the two cohorts (p = 0.04). This was largely 
driven by a twofold greater number of respondents (10.7% 
vs 4.8%) in the open TLIF cohort with a NASS score of 4, 
which indicates that surgery resulted in no improvement in 
the preoperative state. Otherwise, a similar proportion of 
respondents (MI-TLIF 69.8% vs open TLIF 72.3%) noted 
the highest satisfaction score (NASS score 1), the only re-
sponse indicating that surgery met a patient’s preoperative 
expectations. Otherwise, there were no differences in EQ-
5D (MI-TLIF 0.77 ± 0.25 vs open TLIF 0.75 ± 0.20, p = 
0.45), change in EQ-5D ( +0.18 ± 0.27 vs +0.20 ± 0.26, re-
spectively; p = 0.69), or cumulative related reoperation rate 
at 60 months (5.6% vs 11.6%, respectively; p = 0.14). The 
reasons for related reoperations are provided in Table 3.

As previously reported in the comparison of 24-month 
outcomes,7 there were no differences in radiographic fu-

TABLE 1. Characteristics of patients undergoing surgery for 
grade I lumbar spondylolisthesis

Characteristic Open TLIF MI-TLIF p Value

No. of patients 225 (75.8) 72 (24.2)
Age in yrs 59.5 ± 11.7 62.1 ± 10.6 0.10
≥60-mo FU rate 170 (75.6) 62 (86.1) 0.06
Female 143 (63.6) 40 (55.6) 0.22
BMI 31.3 ± 7.0 29.5 ± 5.1 0.0497
Smoker 32 (14.2) 9 (12.5) 0.71
Comorbidity
  Diabetes mellitus 34 (15.1) 7 (9.7) 0.25
  Coronary artery disease 24 (10.7) 9 (12.5) 0.67
  Anxiety 46 (20.4) 11 (15.3) 0.33
  Depression 56 (24.9) 16 (22.2) 0.65
  Osteoporosis 14 (6.2) 3 (4.2) 0.72
Baseline listhesis in mm 6.5 ± 3.2 5.9 ± 3.4 0.42
Dynamic instability at baseline 24/78 (30.8) 11/32 (34.4) 0.71
Dominant presenting symptom 0.54
  Back pain dominant 88 (39.1) 33 (45.8)
  Leg pain dominant 30 (13.3) 10 (13.9)
  Back pain = leg pain 107 (47.6) 29 (40.3)
Motor deficit at presentation 53 (23.6) 4 (5.6) <0.001
Independently ambulatory 208 (92.4) 64 (88.9) 0.34
Symptom duration* 0.34
  <3 mos 5 (2.2) 0 (0)
  ≥3 mos 211 (93.8) 69 (95.8)
ASA class* 0.59
  1 or 2 126 (56.0) 42 (58.3)
  3 or 4 91 (40.4) 26 (36.1)
Hispanic or Latino ethnicity 9 (4.0) 5 (6.9) 0.48
≥4 yrs of college education 75 (33.3) 29 (40.3) 0.28
Employed or employed & on 
leave

108 (48.0) 39 (54.2) 0.36

Private insurance 118 (52.4) 47 (65.3) 0.06
Use of workers’ compensation 3 (1.3) 8 (11.1) <0.001
Baseline ODI 48.0 ± 16.6 46.2 ± 16.3 0.41
Baseline NRS-BP 7.0 ± 2.3 6.9 ± 2.6 0.70
Baseline NRS-LP 6.6 ± 2.8 6.3 ± 2.8 0.41
Baseline EQ-5D 0.53 ± 0.22 0.58 ± 0.20 0.08

FU = follow-up. 
Values are expressed as number (%) or mean ± standard deviation, unless 
indicated otherwise. Boldface type indicates statistical significance (p < 0.05).
* Missing data.

TABLE 2. Univariable comparison of 60-month outcomes for 
patients undergoing MI-TLIF versus open TLIF for grade I lumbar 
spondylolisthesis

Characteristic Open TLIF MI-TLIF
Unadjusted 

p Value

No. of patients 225 72
Mean ODI 24.8 ± 19.0 18.9 ± 18.4 0.04
Mean change in ODI −21.8 ± 19.6 −26.1 ± 21.5 0.16
ODI MCID 0.22
  Reached 111/169 (65.7) 46/62 (74.2)
  Not reached 58/169 (34.3) 16/62 (25.8)
Mean NRS-BP score 3.7 ± 3.1 2.8 ± 2.9 0.048
Mean change in  
NRS-BP score

−3.3 ± 3.3 −4.0 ± 3.5 0.21

Mean NRS-LP score 2.8 ± 3.1 1.8 ± 2.8 0.03
Mean change in  
NRS-LP score

−3.8 ± 3.8 −4.3 ± 3.3 0.40

Mean EQ-5D score 0.75 ± 0.20 0.77 ± 0.25 0.45
Mean change in EQ-5D 
score

+0.20 ± 0.26 +0.18 ± 0.27 0.69

NASS satisfaction score 0.04
  1 115/159 (72.3) 44/63 (69.8)
  2 26/159 (16.4) 12/63 (19.0)
  3 1/159 (0.6) 4/63 (6.3)
  4 17/159 (10.7) 3/63 (4.8)
Reops related to index 
surgery at 60-mo FU 

26 (11.6) 4 (5.6) 0.14

Values are expressed as mean ± standard deviation or number (%), unless 
indicated otherwise. Boldface type indicates statistical significance.
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sion at 24 months (MI-TLIF 100% vs open TLIF 96.4%, 
p = 0.21) and no difference in the reduction of listhesis 
(change in millimeters) at 24 months (−2.8 ± 3.8 vs −2.3 
± 3.5 mm, respectively; p = 0.51). At 24 months, 100% 
of eligible MI-TLIF patients returned to work compared 
to 80% of eligible patients in the open TLIF cohort (p = 
0.02).

Multivariable Comparison of Outcomes
To account for baseline differences between the cohorts 

that had undergone open and MI-TLIF, we conducted 
multivariable adjusted analyses (Table 4). In these analy-
ses, MI-TLIF compared to open TLIF was associated with 
similar outcomes for 60-month ODI, ODI change, odds 
of reaching ODI MCID, NRS-BP, NRS-BP change, NRS-
LP, NRS-LP change, EQ-5D, EQ-5D change, and NASS 
satisfaction (adjusted p > 0.05 for all).

Discussion
We present a comparison of 60-month outcomes in the 

largest single study cohort of patients who underwent MI 
or open TLIF for grade I degenerative lumbar spondylo-
listhesis. In our present comparison, after adjusting for 
baseline differences, we did not observe an association be-
tween the use of MI techniques and disability, back pain, 
leg pain, quality of life, and patient satisfaction compared 
to those with open TLIF. Similarly, we did not observe a 
difference between the cohorts for 60-month reoperation 
rates, 24-month fusion rates, and 24-month reductions in 
the magnitude of listhesis. Regardless of the strategy used, 
both cohorts demonstrated mean improvements in disabil-
ity, back pain, leg pain, and quality of life compared to the 
mean baseline condition.

There are many reports on the perioperative advantages 
of MI-TLIF compared to traditional open TLIF. Our ob-
servation that MI-TLIF was associated with less intraop-

erative blood loss has been extensively reported.7,21–23,​25–28,​

39,40 The length of hospitalization has varied with some 
studies demonstrating no significant differences7,21,23,25 and 
others, including a pooled meta-analysis,8 demonstrating 
shorter hospital stays following MI-TLIF for spondylolis-
thesis.22,24,​26–28,​39,40 This inconsistency likely stems from 
differences in local practice patterns and patient expec-
tations that drive durations of hospital stay more than 
interprocedural differences. For example, our cohort, 
which represents high-volume surgeons’ experience in the 
United States, had similar mean stays of 2.9 and 3.3 days 
for MI and open TLIF, respectively. On the other hand, 
in a single-surgeon experience in Korea,40 MI-TLIF was 
associated with shorter stays (7.5 vs 12.6 days), although 
both procedures had mean lengths of stay over 2 to 3 times 
greater than our experience. Somewhat more variably, the 
operative time for MI-TLIF has been reported to be short-
er,18,28 similar,40 and even longer8 than for open TLIF. This 
likely reflects a variation in surgical skill due to the learn-
ing curve involved in MI-TLIF.

Less well established are the consequences of an MI 
approach to TLIF on long-term (i.e., > 5 years) patient-
centered outcomes specifically for patients with grade I 
degenerative lumbar spondylolisthesis. We observed that 
both procedures were associated with similar significant 
improvements in ODI, NRS-BP, NRS-LP, and EQ-5D with 
no differences in the odds of reaching the ODI MCID and 
the highest odds of NASS satisfaction in the long term. 
Our findings provide prospective, large sample size sup-
port, with a high rate of follow-up, to a prior retrospec-
tive investigation of 2- and 10-year outcomes for MI and 
open TLIF in a population undergoing single-level lumbar 

TABLE 3. Reasons for reoperations related to index surgery at 
the 60-month follow-up

Characteristic Open TLIF MI-TLIF p Value

No. of patients 225 72
Patients requiring reop 26 (11.6)  

w/ 29 reops
4 (5.6)  

w/ 6 reops
0.14

  Adjacent-segment disease 16 (7.1) 3 (4.2)
  Wound infection 6 (2.7)* 1 (1.4)
  Removal of painful  
  instrumentation

2 (0.9) 0 (0)

  Instrumentation revision 2 (0.9) 0 (0)
  Pseudarthrosis 2 (0.9) 1 (1.4)
  Subsidence 1 (0.4) 0 (0)
  Medical 0 (0) 1 (1.4)†

Values are expressed as number (%), unless indicated otherwise.
* Two of 6 reoperations were associated with an intraoperative durotomy at the 
index procedure.
† The index surgery, a planned MI-TLIF, was aborted after the decompression 
was completed because of an air embolism. The patient returned in 1 month 
for instrumentation. 

TABLE 4. Multivariable analysis of 60-month outcomes following 
surgery for grade I lumbar spondylolisthesis 

Outcome
Adjusted* β  

Coefficient (95% CI) p Value

Primary
  ODI, 60 mos −2.4 (−7.0 to 2.2) 0.31
  ODI, 60-mo change −1.9 (−6.5 to 2.7) 0.43
  ODI MCID, 60 mos 1.3† (0.7 to 2.7) 0.45
Secondary
  NRS-BP score, 60 mos −0.5 (−1.3 to 0.3) 0.23
  NRS-BP score, 60-mo change −0.4 (−1.1 to 0.4) 0.35
  NRS-LP score, 60 mos −0.5 (−1.3 to 0.2) 0.17
  NRS-LP score, 60-mo change −0.4 (−1.2 to 0.4) 0.36
  EQ-5D score, 60 mos −0.01 (−0.07 to 0.04) 0.61
  EQ-5D score, 60-mo change −0.01 (−0.07 to 0.04) 0.64
  NASS satisfaction, 60 mos 1.0† (0.5 to 1.8) 0.99

Reference = open TLIF. β coefficients are reported such that a negative value 
for ODI, NRS-BP, and NRS-LP and a positive value for EQ-5D represent more 
favorable outcomes at 60 months for MI-TLIF compared to open TLIF. Odds 
ratios are reported such that an OR < 1.0 for NASS satisfaction represents 
increased odds for greater satisfaction at 60 months for MI-TLIF compared to 
open TLIF.
* Multivariable models adjusted for factors with p < 0.20 on univariable com-
parisons and respective baseline PRO values.
† Odds ratio.
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spondylolisthesis surgery by a single surgeon. Comparing 
108 MI-TLIF with 53 open TLIF—with 52 (48%) and 31 
(58%) reaching the 10-year follow-up, respectively—Kwon 
et al.40 observed an initial superiority of MI-TLIF 2 years 
postoperatively but similar ODI and visual analog scale 
(VAS) back and leg pain scores at 10 years. They also ob-
served no difference in radiographic fusion or reoperation. 
Similarly, our registry cohort demonstrated superior ODI 
outcomes for MI-TLIF at 24 months but not in the ex-
tended follow-up. Given our additional studied outcome 
measures, we were able to extend this 24-month versus 
5- to 10-year outcome discrepancy to EQ-5D and NASS 
satisfaction as well (since, in our 24-month analysis, 
there was an initial 24-month superiority of EQ-5D and 
NASS satisfaction for MI-TLIF). Overall, the equivalency 
in outcomes despite our high 60-month follow-up rates 
(75.6%–86.1%) suggests that the long-term outcome parity 
observed by Kwon et al. may not be entirely due to a loss 
to follow-up. In the treatment of spondylolisthesis, there is 
no evidence to suggest that either procedure is differen-
tially susceptible to clinical outcome deterioration over an 
extended follow-up.

Ultimately, these long-term studies extend the find-
ings of multiple shorter-term studies of operative spon-
dylolisthesis, which demonstrate equivalency in clinical 
outcomes for MI and open TLIF21–27,​39,41 (except for Wu et 
al., who found superior 24-month pain outcomes for MI-
TLIF28). Interestingly, in a meta-analysis of 6 studies with 
394 patients undergoing single-level surgery for grades I 
and II spondylolisthesis (with 1- to 2-year follow-up), Qin 
et al.8 found a pooled association between MI-TLIF and a 
lower ODI (but similar VAS back pain scores). This finding 
suggests that the individual studies may have been under-
powered. Outside of the short-term postoperative period, 
similar PROs for MI and open TLIF are also observed in 
most other studies in which nonspondylolisthesis-specific 
populations are studied.10–15,​17,​19,​20,​42,43

An important consideration in the comparison of sur-
gical efficacy is durability. Here we report no significant 
difference in the cumulative reoperation rate between MI-
TLIF (5.6%) and open TLIF (11.6%), consistent with the 
pooled analysis of 6 spondylolisthesis cohorts.8 Our rates 
are similar to those reported by other studies, including the 
one by Kwon et al., which had a minimum 10-year follow-
up for their low-grade spondylolisthesis cohort (MI-TLIF 
4.6% and open TLIF 5.7%).40 Additionally, we observed no 
difference in the comparative ability to achieve success-
ful fusion (similar to multiple prior investigations8,23,26). In 
contrast to the other degenerative conditions often stud-
ied when comparing MI and open TLIF, a unique con-
sideration during the treatment of spondylolisthesis is the 
achievement of listhesis reduction. We observed no differ-
ence in the ability of either procedure to achieve listhesis 
reduction. Still, there is evidence that listhesis reduction 
may not be associated with clinical outcomes following 
surgery for grade I degenerative lumbar spondylolisthe-
sis.34 Nevertheless, concerns regarding decreased bony 
surface area for arthrodesis and heightened difficulty with 
listhesis reduction maneuvers during MI-TLIF are not 
supported by our data.

It is also important to consider current advances in MI-

TLIF that may further alter the risk-benefit profile in fu-
ture studies. First, as surgeons progress through the learn-
ing curve of MI-TLIF, operative times and outcomes are 
expected to further improve. For example, some reports 
associate percutaneous pedicle screw placement, as com-
pared to open screw placement, with cranial facet joint vio-
lation.44 Leveraging techniques to minimize this violation 
will further decrease rates of adjacent-segment degenera-
tion, thereby minimizing the need for reoperation. Second, 
one potential drawback of MI-TLIF for surgeons reliant 
on fluoroscopy includes the increased intraoperative fluo-
roscopic time compared to that with open TLIF.15,18 How-
ever, with the increased adoption of 3D-based navigation, 
augmented reality, and/or robotic platforms, this surgeon-
associated risk may be minimized. Other surgeons have 
hypothesized that open TLIF may permit greater segmen-
tal and global lordosis correction than MI-TLIF.41 Inter-
estingly, in a retrospective, single-center matched radio-
graphic study (1:1) of 75 MI-TLIFs versus 75 open TLIFs 
in a population with grade I degenerative lumbar spondy-
lolisthesis (average follow-up 55.3–57.8 weeks), Dibble et 
al.41 observed greater improvements in segmental lordosis 
following MI-TLIF. These authors suggest that technolog-
ical innovations—among other operative techniques and 
sparing of the posterior tension band in MI-TLIF—may 
contribute to this finding. Still, there were no differences 
in global lordosis. Therefore, either approach, at the least, 
may be associated with similar radiographic outcomes 
with a meticulous surgical technique.

Taken together, our data, in the context of the literature, 
suggest that MI-TLIF is equivalent to open TLIF for long-
term clinical outcomes. Given this equivalence in clinical 
outcomes, there is no strong evidence favoring one tech-
nique over the other. Rather, surgeons may employ either 
procedure based chiefly on other considerations, such as 
patient preference, surgeon skill set, specific radiographic 
and clinical characteristics, frailty, the need for expedited 
perioperative recovery or minimal blood loss, and the need 
to accommodate procedures without general anesthesia. It 
is worth noting that not every spine surgeon performs both 
procedures. For these surgeons in particular, our data sug-
gest that either approach appears acceptable.

Study Limitations
This study is a retrospective analysis of a prospective 

cohort and thus is vulnerable to the associated biases. Spe-
cifically, given our use of a registry, there is no ability to 
control for surgeon and patient selection between open 
TLIF and MI-TLIF. Furthermore, though we provide a 
definition of MI and open TLIF, there may be variations 
in surgical technique (e.g., single vs bilateral facetecto-
mies). Second, there were some key baseline differences 
between the cohorts including for BMI, motor deficits at 
presentation, and the use of workers’ compensation, and 
the findings should be interpreted accordingly. However, 
we adjusted for these factors in our multivariable analy-
ses. Third, as with any longitudinal study with extended 
follow-up, there were patients lost to follow-up.31 Impor-
tantly, our 60-month follow-up rate (75.6% and 86.1% for 
the open TLIF and MI-TLIF cohorts, respectively) is no-
table in the context of other high-quality, prospective stud-
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ies on surgical outcomes for degenerative lumbar spondy-
lolisthesis. For example, in an 8-year analysis of patients 
with degenerative lumbar spondylolisthesis from the Spine 
Patient Outcomes Research Trial (SPORT), data were ob-
tained for only 69% of the randomized cohort and 57% 
of the observational cohort.45 Continued investigation of 
our cohort, at an even longer-term follow-up than presently 
described, will shed further light on the very long-term 
outcomes following MI and open TLIF for degenerative 
lumbar spondylolisthesis. Lastly, there are certain covari-
ates (e.g., baseline radiographic parameters) and outcomes 
(e.g., opioid medication use postoperatively, cost analysis) 
that are important in a comparison of MI and open TLIF 
but outside the scope of the current investigation. Specifi-
cally, though we included several radiographic outcomes 
(millimeters of listhesis reduction, radiographic fusion, 
reoperations for adjacent-segment disease, instrumenta-
tion revision, pseudarthrosis, and subsidence), we did not 
include other variables such as segmental or regional ra-
diographic parameters and radiographic subsidence. Still, 
we hope that by capturing reoperations, we have included 
clinically relevant radiographic outcomes. 

Conclusions
In a 60-month comparison of a prospective registry co-

hort of 72 and 225 patients who had undergone MI and 
open TLIF for grade I degenerative lumbar spondylolis-
thesis, respectively, we did not observe any differences 
for disability, back pain, leg pain, quality of life, patient 
satisfaction, and cumulative reoperation. Both procedures 
were associated with mean improvements in each mea-
sured PRO, compared to baseline. Therefore, there is no 
compelling evidence supporting the use of one technique 
over the other.
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